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(XURPHPEUDQH&RQIHUHQFH
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@
'HYHORSPHQWRIFURVVOLQNHGVRGLXPDOJLQDWHPHPEUDQHVXVLQJSRO\VW\UHQHVXOIRQLF
DFLGFRPDOHLFDFLGIRUSHUYDSRUDWLRQGHK\GUDWLRQRILVRSURSDQRO
0<.DULGXUDJDQDYDU365DFKLSXGL
.DUQDWDN8QLYHUVLW\,QGLD
0HPEUDQH VHSDUDWLRQ WHFKQLTXHV ZLWK HDV\ RSHUDWLRQ DQG KLJK HQHUJ\ VDYLQJV DUH JUHDWO\
DSSUHFLDWHG LQ D YDULHW\ RI DSSOLFDWLRQV VXFK DV PHGLFDO IRRG LQGXVWULDO HQHUJ\ DQG
HQYLURQPHQW ILHOGV >@ $PRQJ WKHPHPEUDQH VHSDUDWLRQ WHFKQLTXHV SHUYDSRUDWLRQ 39 LV
XQLTXHDQGKDVEHHQVWXGLHGZLGHO\DVPHDQVRIVHSDUDWLRQRI OLTXLGVROXWLRQVSDUWLFXODUO\IRU
WKHVHSDUDWLRQ RID]HRWURSLFDQGFORVH ERLOLQJ OLTXLGPL[WXUHVGXH WR LWV VLPSOLFLW\DQGHQHUJ\
VDYLQJHIILFLHQF\FRPSDUHGWRFRQYHQWLRQDOGLVWLOODWLRQSURFHVVHV>@

)RU FRPPHUFLDO IHDVLELOLW\ RI 39 SURFHVV PHPEUDQHV ZLWK KLJK VHSDUDWLRQ SHUIRUPDQFH DUH
GHVLUHGDQGLWLVXVXDOO\UHJDUGHGDVWKHJRDORIUHVHDUFKWRDFKLHYHEHWWHUIOX[DQGVHOHFWLYLW\
3RO\PHULFPHPEUDQHVDUHSRWHQWLDODQGZLGHO\XVHGLQVROYHQWGHK\GUDWLRQPDLQO\EHFDXVHRI
HDV\IDEULFDWLRQUHDVRQDEOHVHSDUDWLRQSHUIRUPDQFHDQGORZFRVW

8QGHUVWDQGLQJ WKLV ZH KDYH GHYHORSHG FURVVOLQNHG VRGLXP DOJLQDWH 1D$OJPHPEUDQHV E\
LQFRUSRUDWLQJ SRO\VW\UHQH VXOIRQLF DFLGFRPDOHLF DFLG 366$0$7KH DPRXQW RI 366$0$
ZLWK UHVSHFW WR1D$OJZDV YDULHG DV    DQG J DQG WKH UHVXOWLQJPHPEUDQHVZHUH
GHVLJQDWHG DV 0 0 0 DQG 0 UHVSHFWLYHO\   7KH VFKHPH IRU WKH SUHSDUDWLRQ RI
PHPEUDQHV LV LOOXVWUDWHG LQ )LJXUH    7KH SK\VLFFKHPLFDO SURSHUWLHV RI WKH UHVXOWLQJ
PHPEUDQHVZHUHVWXGLHGXVLQJ)RXULHU WUDQVIRUP LQIUDUHGVSHFWURVFRS\)7,5ZLGHDQJOH;
UD\GLIIUDFWLRQ:$;'GLIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&DQGWKHUPRJUDYLPHWULFDQDO\VLV
7*$  0HPEUDQHV ZHUH HPSOR\HG IRU WKH VHSDUDWLRQ RI ZDWHULVRSURSDQRO PL[WXUHV LQ WKH
WHPSHUDWXUHUDQJHRI&

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
)LJXUH6\QWKHVLVRIFURVVOLQNHG1D$OJ366$0$PHPEUDQH

)LJXUH  GHPRQVWUDWHV WKH HIIHFWV RI IHHG FRPSRVLWLRQ DQG 366$0$ FRQWHQW RQ WKH WRWDO
SHUPHDWLRQ IOX[ IRU DOO WKHPHPEUDQHV DW  R& 7KH SHUPHDWLRQ IOX[ ZDV LQFUHDVHG DOPRVW
OLQHDUO\ IRU DOO WKHPHPEUDQHV ZLWK LQFUHDVLQJ ZDWHU FRPSRVLWLRQ LQ WKH IHHG 7KLV LV GXH WR
LQFUHDVHGVHOHFWLYH LQWHUDFWLRQEHWZHHQZDWHUPROHFXOHVDQGWKHPHPEUDQHVLQFHPHPEUDQH
FRQWDLQVLRQLFJURXSZKLFKDUHFDSDEOHRIHVWDEOLVKLQJVWURQJHOHFWURVWDWLFIRUFHRIDWWUDFWLRQLQ
DGGLWLRQ WR K\GURJHQ ERQGLQJ 2Q WKH RWKHU KDQG WKH SHUPHDWLRQ IOX[ H[FHSW IRU 0 ZDV
LQFUHDVHG DV WKH FRQWHQW RI 366$0$ ZDV LQFUHDVHG LQ WKH PHPEUDQH 7KLV LV GXH WR DQ
HQKDQFHPHQWRIVHOHFWLYHLQWHUDFWLRQ

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
)LJXUH9DULDWLRQRIIOX[ZLWKGLIIHUHQWPDVVRIZDWHULQWKHIHHGIRUDOOWKHPHPEUDQHV

,Q 39 SURFHVV WKH RYHUDOO VHOHFWLYLW\ RI D PHPEUDQH LV JHQHUDOO\ H[SODLQHG RQ WKH EDVLV RI
LQWHUDFWLRQ EHWZHHQ PHPEUDQH DQG WKH SHUPHDWLQJ PROHFXOHV WKH PROHFXODU VL]H RI WKH
SHUPHDWLQJ VSHFLHV DQG WKH FURVVOLQNLQJ GHQVLW\  )LJXUH  GLVSOD\V WKH HIIHFWV RI ERWKZDWHU
FRPSRVLWLRQDQG366$0$FRQWHQWRQWKHVHOHFWLYLW\RIWKHPHPEUDQHV


)LJXUH  9DULDWLRQ RI VHOHFWLYLW\ ZLWK GLIIHUHQW PDVV RI ZDWHU LQ WKH IHHG IRU DOO WKH
PHPEUDQHV
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,WLVREVHUYHGWKDWVHOHFWLYLW\RIDOOWKHPHPEUDQHVZDVGHFUHDVHGH[SRQHQWLDOO\ZLWKLQFUHDVLQJ
WKHZDWHUFRPSRVLWLRQLQWKHIHHG$WKLJKHUFRPSRVLWLRQRIZDWHULQWKHIHHGWKHPHPEUDQHV
VZHOOJUHDWO\RZLQJWRDQHVWDEOLVKPHQWRIVWURQJLQWHUDFWLRQEHWZHHQPHPEUDQHDQGWKHZDWHU
PROHFXOHV  $V D UHVXOW D GUDVWLF GHFUHDVH LQ VHOHFWLYLW\ LV REYLRXVO\ H[SHFWHG DW KLJKHU
FRPSRVLWLRQ RI ZDWHU  2Q WKH FRQWUDU\ WKH VHOHFWLYLW\ ZDV LQFUHDVHG VLJQLILFDQWO\ IURP
PHPEUDQH0WR0XSRQLQFUHDVLQJWKH366$0$FRQWHQWLQWKHPHPEUDQHPDWUL[7KLVLV
EHFDXVHRI WKHFURVVOLQNVHVWDEOLVKHGEHWZHHQ±2+JURXSVRI1D$OJDQG±&22+JURXSVRI
366$0$ 7KH DGGLWLRQ RI 366$0$ FRQWHQW LQFUHDVHG WKH VHOHFWLYH LQWHUDFWLRQ EHWZHHQ
PHPEUDQH DQG WKH ZDWHU PROHFXOHV GXH WR DQ HVWDEOLVKPHQW RI K\GURJHQ ERQGLQJ DQG
HOHFWURVWDWLF IRUFH RI DWWUDFWLRQ DQG HQKDQFHPHQW RI K\GURSKLOLFLW\ DQG VKULQNDJH LQ FHOO VL]H
7KH GHFUHDVH LQ FHOO VL]H ZDV IXUWKHU FRQILUPHG E\ WKH FDOFXODWHGGVSDFLQJ YDOXHV IURP WKH
:$;'SDWWHUQV$VDFRQVHTXHQFHWKHPRELOLW\RIOLQHDUSRO\PHULFFKDLQVZDVGHFUHDVHGDQG
WKHUHE\UHGXFHVWKHDEVROXWHIUHHYROXPHZKLFKDOORZVWKHVHOHFWLYHSHUPHDQWVWRSDVVWKURXJK
WKHPHPEUDQH&RQVHTXHQWO\ZDWHUPROHFXOHVEHLQJUHODWLYHO\VPDOOLQPROHFXODUVL]HFDQSDVV
WKURXJK WKHFURVVOLQNHGPHPEUDQHZLWKPXFKHDVLHU WKDQ WKDWRI LVRSURSDQRO ,3$PROHFXOHV
SRVVHVVLQJELJJHU LQPROHFXODUVL]H7KLV LV IXUWKHUGHPRQVWUDWHG IURP)LJXUH LQZKLFK WKH
IOX[DQGVHOHFWLYLW\ZHUHSORWWHGDVDIXQFWLRQRI366$0$FRQWHQWDWIRUPDVVRIZDWHULQ
WKHIHHGDWR&

*HQHUDOO\ DV WKH SDFNLQJ GHQVLW\ RI WKH PHPEUDQH LQFUHDVHV HLWKHU GXH WR LQFUHDVH RI
FURVVOLQNLQJ GHQVLW\ RU GXH WR WKH LQFRUSRUDWLRQ RI ILOOHUV LQWR WKH PHPEUDQH PDWUL[ WKH
SHUPHDWLRQIOX[GHFUHDVHVDQGWKHVHOHFWLYLW\LQFUHDVHV>@+RZHYHULQWKHSUHVHQWVWXG\WKH
ERWKSHUPHDWLRQ IOX[DQGVHOHFWLYLW\ZHUH LQFUHDVHGVLPXOWDQHRXVO\ZLWK LQFUHDVLQJ WKH366$
0$FRQWHQWLQWKHPHPEUDQH$OWKRXJKWKLVLV LQFRQWUDVWWRDWUDGHRIISKHQRPHQRQH[LVWLQJ
EHWZHHQIOX[DQGVHOHFWLYLW\ LQ39SURFHVVDVLJQLILFDQWHQKDQFHPHQWRIK\GURSKLOLFLW\FDXVHG
E\ WKH LQWURGXFWLRQRI LRQLFJURXSV 2+ &22+ &221DDQG 62+DQGHVWDEOLVKPHQWRI
DGHTXDWHFURVVOLQNLQJGHQVLW\RYHUFRPHVWKHSKHQRPHQRQ

 
)LJXUH  9DULDWLRQ RI IOX[ DQG VHOHFWLYLW\ DW  PDVV RI ZDWHU LQ WKH IHHG IRU DOO WKH
PHPEUDQHV


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 
)LJXUH9DULDWLRQRIWRWDOIOX[DQGIOX[HVRIZDWHUDQG,3$ZLWKPDVVRIZDWHULQWKHIHHG
IRUDOOWKHPHPEUDQHV
7RDVVHVVWKHH[WHQWRISHUPHDWLRQRILQGLYLGXDOFRPSRQHQWVZHKDYHSORWWHGWKHWRWDOIOX[DQG
IOX[HVRIZDWHUDQG,3$DVDIXQFWLRQRI366$0$FRQWHQW LQ WKHPHPEUDQHIRUPDVVRI
ZDWHULQWKHIHHG)LJXUH)URPWKHSORWLWLVFOHDUO\QRWLFHGWKDWWKHWRWDOIOX[DQGIOX[RIZDWHU
DUH LQ IDFW RYHUODSSLQJ HDFK RWKHU DQG LW LV SURPLQHQW HVSHFLDOO\ IRU 366$0$ LQFRUSRUDWHG
PHPEUDQHVDQGFRQVHTXHQWO\ WKH IOX[RI ,3$ LVQHJOLJLEO\VPDOO VXJJHVWLQJ WKDWPHPEUDQHV
GHYHORSHGE\WKHLQFRUSRUDWLRQRI366$0$DUHKLJKO\VHOHFWLYHWRZDUGVZDWHU

7KH SHUYDSRUDWLRQ VHSDUDWLRQ LQGH[ 36, LV WKH SURGXFW RI SHUPHDWLRQ IOX[ DQG VHSDUDWLRQ
IDFWRUZKLFKFKDUDFWHUL]HVWKHPHPEUDQH¶VVHSDUDWLRQDELOLW\>@7KLVLQGH[FDQEHXVHGDVD
UHODWLYH JXLGHOLQH IRU WKH LGHQWLILFDWLRQ RI VXLWDEOH PHPEUDQHV IRU VXFFHVVIXO 39 VHSDUDWLRQ
SURFHVVHV)LJXUHVKRZVWKHYDULDWLRQRI36,DVDIXQFWLRQRI366$0$FRQWHQWDW&IRU
PDVVRIZDWHULQWKHIHHG

 
)LJXUH9DULDWLRQRI36,DWPDVVRIZDWHULQWKHIHHGIRUDOOWKHPHPEUDQHV
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,W LVREVHUYHGWKDWWKHUHZDVDVLJQLILFDQWFKDQJHLQWKH36,YDOXHVZLWKLQFUHDVLQJWKH366$
0$FRQWHQWDQGSDUWLFXODUO\PHPEUDQHFRQWDLQLQJJRI366$0$H[KLELWHGDQH[FHOOHQW39
SHUIRUPDQFHZKLOHVHSDUDWLQJWKHZDWHU,3$PL[WXUHV7KLVLVDWWULEXWHGWRWKHLQFRUSRUDWLRQRI
366$0$LQWRWKHPHPEUDQHPDWUL[DVDFURVVOLQNHUZKLFKHVWDEOLVKHVQRWRQO\WKHFURVVOLQNV
EHWZHHQOLQHDU1D$OJSRO\PHUFKDLQVEXWDOVRHQKDQFHVWKHK\GURSKLOLFLW\RIWKHPHPEUDQHV
ZKLFKKDYHDVLJQLILFDQWLQIOXHQFHRQWKHGLIIXVLRQSURFHVV6RUSWLRQLVRQO\WKHILUVWVWHSEXWLQ
WKHVHFRQGVWHSRIGLIIXVLRQ WKHSURSHUWLHVRI366$0$DQG LWV LQWHUDFWLRQZLWK1D$OJPDWUL[
HQKDQFH WKH RYHUDOO SHUIRUPDQFH RI WKHPHPEUDQH 3DUWLFXODUO\PHPEUDQH FRQWDLQLQJ  J RI
366$0$ H[KLELWHG WKH KLJKHVW VHSDUDWLRQ VHOHFWLYLW\ RI  ZLWK D IOX[ RI  [ 
NJPK DW  °& IRU PDVV RI ZDWHU LQ WKH IHHG :LWK UHJDUG WR WHPSHUDWXUH HIIHFW WKH
SHUPHDWLRQUDWHZDVIRXQGWRLQFUHDVHZKLOHGHFUHDVLQJWKHVHOHFWLYLW\7KLVZDVDWWULEXWHGWR
GHFUHDVHG LQWHUDFWLRQ EHWZHHQ SHUPHDQWV DQG PHPEUDQH 7KH DFWLYDWLRQ HQHUJ\ IRU
SHUPHDWLRQ(3DQGGLIIXVLRQ('YDOXHVUDQJHGEHWZHHQWRDQGWR
N-PRO UHVSHFWLYHO\  7KH PHPEUDQHV KDYLQJ 366$0$ H[KLELWHG KLJKHU DFWLYDWLRQ HQHUJ\
YDOXHVFRPSDUHGWRWKDWRIDSXUH1D$OJPHPEUDQHLQGLFDWLQJWKDWWKHSHUPHDQWVFRQVXPHG
PRUHHQHUJ\GXULQJWKHSURFHVV7KHPHPEUDQHVGHPRQVWUDWHGORZHUDFWLYDWLRQHQHUJ\YDOXHV
IRU ZDWHU GLIIXVLRQ ('Z WKDQ WKDW RI LVRSURSDQRO GLIIXVLRQ ('R VXJJHVWLQJ WKDWPHPEUDQHV
GHYHORSHG LQ WKH SUHVHQW VWXG\ KDYH KLJKHU VHSDUDWLRQ DELOLW\ WRZDUGV ZDWHU  $OO WKH
PHPEUDQHVH[KLELWHGQHJDWLYHΔ+VYDOXHV LQGLFDWLQJ WKDWVRUSWLRQ LVPDLQO\GRPLQDWHGE\WKH
/DQJPXLU¶VPRGHRIVRUSWLRQJLYLQJDQH[RWKHUPLFFRQWULEXWLRQ>@

.H\ZRUGV 6RGLXP DOJLQDWH 3RO\VW\UHQH VXOIRQLF DFLGFRPDOHLF DFLG ,VRSURSDQRO
3HUYDSRUDWLRQ$FWLYDWLRQHQHUJ\
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